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A new approach using fast atom bombardment combined with mass spectrometry to 
characterize polycyclic aromatic hydrocarbons (PAHs) in the range of 128-252 LI molecular 
weight is described. Sulfolane was employed as a liquid matrix for these *-conjugated 
hydrocarbons. Bombardment of sulfolane solution of certain F’AHs with an atom beam 
produces both radical cation (M+. ) and protonated molecule [(M + H)+], with no evidence 
of fragmentation. Collisional activation of the fast atom bombardment-desorbed M+. ions, 
however, results in several structure-specific fragment ions. Structural differences in a few 
isomeric hydrocarbons can be detected using the [(M + H)+]/[M++ ] abundance ratio and 
in the pyrene-fluoranthene pair by the B/E linked-field-collision-activated dissociation data. 
The [(M + H)+]/[M+* ] was found to be compound-specific and correlated well with certain 
properties (resonance energy, proton affinity, and ionizing energy) of PAHs.(J Am Sot Mass 
Spectrom 1990, 1, 405-412) 
P olycyclic aromatic hydrocarbons (PAHs) are highly carcinogenic and ubiquitous in combus- tion products [l], and thus require highly inno- 
vative analytical methods capable of providing greater 
sensitivity and structure specificity [l, 21. Of critical 
importance is differentiation of isomeric PAHs be- 
cause carcinogenicity is attributable to specific struc- 
tural features of a PAH. For example, benzo[ alpyrene 
is carcinogenic, but benzo[e]pyrene is not [l]. Elec- 
tron ionization (EI) mass spectrometry has been used 
traditionally to identify PAHs [3-61. The low vapor 
pressure of PAHs with a molecular weight (M,) > 300 
u, however, limits the use of this technique to low 
mass hydrocarbons only. Furthermore, EI mass spec- 
tra are not isomer-specific because deposition of a 
large amount of internal energy during ionization 
increases the extent of isomerization. 
Several mass spectrometry approaches have been 
investigated to characterize PAHs. Charge-exchange 
chemical ionization (CI) with an argon/methane mix- 
ture was used successfully to distinguish isomeric 
PAHs [7]. Because the [(M + H)+]/[M’. ] ratio was 
found to be a function of the ionizing energy (IE) of 
the PAH in question [8], it was used as an isomer- 
specific diagnostic probe [7]. In an electron capture 
(EC) negative ion (NI) CI study, it was demonstrated 
that a correlation between the electron affinity and 
ionization response exists for certain PAI-Is [9]. The 
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PAHs with an electron affinity below 0.5 eV were 
found to be unresponsive to ECNICI. Hunt et al. [lo] 
employed pulsed positive ion (PI) and negative ion CI 
mass spectrometry to analyze PAHs. Certain isomeric 
PAHs could be differentiated in terms of their relative 
abundances of M-- and (M + 15)- ions formed by 
NICI with oxygen as the reagent gas. Oehme [ll] 
developed high-resolution gas chromatography/NICI 
by using a methane/nitrous oxide mixture for isomer 
characterization. The use of NICI with carbon dioxide 
alone [12, 131 or in combination with a ni- 
trogen/oxygen mixture [14, 151 was also reported re- 
cently. Pyrene and fluoranthene were shown to dis- 
play different CI mass spectra [12]. Similarly, a group 
of isomeric PAHs of M, = 228 were found to exhibit 
isomer-specific NICI mass spectra [13]. Keough [16] 
differentiated anthracene from phenanthrene on the 
basis of its reactivity towards the CH, = 6 - CH, 
ion to form Diels-Alder products. 
Zakett and co-workers [17, 181 developed tandem 
mass spectrometry (MS/MS) methods as possible 
means of identifying PAHs in coal samples. MS/MS 
provides compound-specific data and can be em- 
ployed for mixture analysis [19]. The isomer-specific 
MS/MS data were obtained by Shushan and co- 
workers [20, 211 by using a B/E (E and B are electric 
and magnetic fields, respectively) linked-field scan 
[22]. An elegant study by Pachuta et al. [23] investi- 
gated in detail the energetic requirements for frag- 
mentation of several PAHs by using a variety of 
experimental techniques including collision-activated 
dissociation (CAD) of low (eV) and high (keV) transla- 
tional energy ions [19], multiphoton ionization (MPI) 
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[24], and surface-induced dissociation [WI. These re- 
searchers concluded that the extent of fragmentation 
of an ionized PAH depends upon the particular acti- 
vation method used, and also, the rate of isomeriza- 
tion is fast enough to compete with direct dissocia- 
tion. These two factors may make isomer differentia- 
tion more dticult [23]. It was further suggested that 
singly charged ions that have lost no carbon units 
may retain partial or complete structural identity and, 
thus, may be helpful in distinguishing isomers. 
Fast atom bombardment combined with mass spec- 
trometry (FAE/MS) has emerged as a powerful ana- 
lytical technique for analysis of several classes of po- 
lar, thermally labile, and nonvolatile compounds [26]. 
The success of FAB is attributed to the use of a liquid 
matrix, the choice of which depends upon the chemi- 
caI and physical properties of the individual analyte. 
The most important criteria for selecting a matrix are 
its potent solvent properties, volatility, and acidity or 
basicity [27, 281. The analyte must be basic compared 
to the matrix so that transfer of a proton from the 
matrix to the analyte occurs readily to yield a strong 
signal due to the protonated molecule. Glycerol, thio- 
glycerol, and a mixture of dithiothreitol and dithioery- 
thritol are the most widely used FAB solvents [29, 301. 
Using these polar matrices, (M + H)+ and (M - H)- 
even-electron ions are produced as characteristic 
molecular species in the positive and negative ioniza- 
tion modes, respectively. The important physical 
properties of several common matrices were compiled 
recently [27]. 
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Figure 1. The shuctures of the PAHs under study. 
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sulfoIane has been used as a solvent for extraction of 
PAHs from natural sources [33]. 
Because of their weak polar character PAHs are 
unresponsive to FAB/MS when polar matrices are 
used. Recently, we reported FAB/MS analysis of an- 
thracycline antibiotics using sulfolane (tetramethylene 
sulfone; 1) as a matrix [31]. One of the interesting 
features of FAB/MS of these compounds is that the 
radical cation (M+a ) dominates the molecular ion re- 
gion. The (M + H)+ ion was found to be less sign& 
cant in these spectra. In other words, removal of an 
electron from these compounds is more facile than 
their protonation when sulfolane is used as a matrix. 
Two factors are envisioned as the plausible reasons 
for the ease of formation of M+* . First, the aglycone 
portion of these antibiotics contains a conjugated K- 
electron system that can easily assimilate a positive 
charge. Second, the absence of a labile H atom in 
sulfolane makes transfer of a proton more difficult in 
this liquid medium. Formation of the (M + H)+ ions 
of those anthracyclines is perhaps a consequence of 
the proton transfer reaction from the protonated 
molecule of sulfolane to those analytes. Use of sul- 
folane as a matrix in FAB/MS analysis of the group IV 
organometallic halides was aIso discussed by Miller 
and Fulcher [32], 
This article describes FAB/MS analysis of certain 
PAHs (shown in Figure 1) that include naphthalene 
(2), I-methylnaphthalene (3), fluorene (4), anthracene 
(5), phenanthrene (6), pyrene (i’), fluoranthene (B), 
benz[ n Janthracene (9), tetracene (lo),’ chrysefie (ll), 
triphenylene (12);’ pentacene (13); and perylene (14). 
Fast atom bombardment of a sulfolane’ solution of 
these compounds produces both M+* and (M + H)+ 
ions. In some cases, isomer characterization is possi- 
ble by monitoring the [(M + H)‘]/[M+. ] ratio and 
also by using the MS/MS spectra, which were ac- 
quired by using B/E linked-field scan and CAD tech- 
niques . 
Previous efforts in using a particle beam to ionize 
PAHs met with limited success. Dynamic secondary 
ion mass spectrometry (SIMS) of certain PAHs de- 
posited on liquid gallium [34] and carbon black [35] 
was shown to produce Mf* ions. Those hydrocar- 
bons, however, were found to be unresponsive to 
SIMS when mounted on silver or indium foil, or 
dissolved in glycerol [34]. Anthracene deposited on 
metal surfaces undergoes cationization in static SIMS 
1361. Groenewold et al. [37] employed liquid SbCl, as 
a solvent in SIMS experiments. Pyrene was shown to 
exhibit a strong signal due to the M+* ion. Sulfuric 
acid has also found utility as a solvent in SIMS analy- 
sis of several substituted PAHs [38]. The research 
discussed in this article is the tirst report of the use of 
FAB to analyze PAHs. 
Experimental 
Because PAHs also contain a network of conju- 
gated ?r-electrons, it is reasonable to assume that 
these compounds may be accessible to FAB/MS if 
sulfolane is employed as a liquid matrix. Signticantly, 
The experiments described here were performed on a 
VG 7070E-HF (VG Analytical Ltd, Wythenshawe, 
Manchester, UK) double-focusing forward-geometry 
(E,B) instrument outfitted with an Ion Tech BllNF 
(Ion Tech Ltd, Teddington, UK) saddle-field fast atom 
gun. The data were acquired under computer-con- 
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Table 1. Variation of the [M+ *]/[mlz 2411 and the [(M 
+ H)+]/[M+ -1 ratios with the amount of pyrene* 
Amount (nmolb [M+~l/[m/z2411 [Wl+Hl+I/[M+.l 
10 0.049 0.431 
25 0.155 0.433 
40 0.306 0.431 
50 0.653 0.457 
75 1.204 0.458 
*Pyrene was dissolved in 1 FL sulfolane. 
trolled scans by using a Digital PDF 11/N (Digital 
Equipment Corp., Maynard, MA) minicomputer- 
based VG 11-2.50 M + data system. A beam of Xe 
atoms of approximately 7-keV impact energy and 
equivalent to 1-mA emission current was employed to 
ionize PAHs dissolved in sulfolane. The vapor pres- 
sure of sulfolane is higher compared to other com- 
monly used FAB matrices (as noted by increased pres- 
sure in the ion source). Two microliters of sulfolane, 
however, lasted well over 2 min in our FAB ion 
source (see Table 2). The FAB-produced ions exited 
the ion source at a potential of 6 kV. The MS/MS 
spectra of the mass-selected M+. ions of PAHs were 
generated by using the B/E linked-field scan in the 
5-350 u mass range with an exponential-down scan of 
5 s per decade, and 7-10 scans were accumulated by 
operating the data system in the multichannel acquisi- 
tion (MCA) mode. The P-slit was closed until the 
intensity of the precursor ion beam began to reduce. 
The MCA data were smoothed and processed to pro- 
vide peak heights and were subsequently mass-mea- 
sured using a calibration hle acquired under the mag- 
net scan. Helium was used as the collision gas to 
Table 2. Variation of the [M+ */[m/z 241 and the [(M + 
H)+]l[M+ .] ratios with the time of irradiaton of pyrene* 
Time (secl [M+- 1 /h/z 2411 [(M + HI+1 /[M’- 1 
17 0.231 0.431 
33 0.250 0.431 
50 0.385 0.431 
66 0.519 0.430 
83 0.739 0.421 
100 1.238 0.442 
116 2.261 0.442 
133 14.385 0.442 
*Pyrene. 75 nmol. was dissolved in 2 pL sulfolane. 
effect CAD in the first field-free region (FFR). The 
pressure of helium (1 x 10P6 torr as read on the 
ionization gauge located in the analyzer region) was 
adjusted to reduce the precursor-ion intensity by one 
third. 
For the data reported in Table 1, 1 WL of sulfolane 
containing lo-75 nmol of a PAH was applied sepa- 
rately to the FAB probe, the magnet was scanned 
across the 170-250 u mass range, and ten scans were 
summed using the MCA. The time-dependence of the 
two ratios [M+. ]/[ m/z 2411 (where the m/z 241 is the 
protonated dimer of sulfolane) and [(M + H)+]/[M+* ] 
(the data of Table 2) was studied by dissolving 75 
nmol of pyrene in 2 PL sulfolane and acquiring the 
data over the 170-250 u mass range. For the sake of 
brevity, the data corresponding to every ninth scan 
are reported in Table 2. To obtain the [(M + 
H)+]/[M+. ] ratio (Table 3), a few crystals of PAHs 
were dissolved separately in sulfolane, and the solu- 
tion (probably saturated) was applied to the FAB 
407 
Table 3. A list of M, IE, LUMO energies, RE, PA, and the [(M + H)+]/[M+ .] ratio of PAHs 
LUMO Proton affinitye [IM f HI+1 /IM+. I 
PAH M, (u) IE’ (eV) energy b (eVI REC.d lkcal /mol) Ratio (I 
Naphthalene 128 8.15 -0.331 0.59 196.3 0.2473 0.0165 
1 -Methylnaphthalene 142 -0.388 - 0.3320 0.0166 
Fluorene 166 7.91 -0.369 - 202.4 0.2860 0.0188 
Phenanthrene 178 7.90 - 0.480 0.85 201.1 0.3442 0.0149 
Anthracene 178 7.42 - 0.841 0.71 209.4 0.4792 0.0135 
Pyrene 202 7.43 - 0.878 0.95 208.5 0.4398 0.0071 
Fluoranthene 202 7.95 - 0.939 201.7 0.5051 0.0347 
Benz[a]anthracene 228 7.46 - 0.829 1.00 210.5 0.5459 0.0185 
Tetracene 228 7.01 - 1.182 0.83 218.7 0.7989 0.0178 
Chrysene 228 7.60 -0.716 1.07 203.3 0.5829 0.0156 
Triphenylene 228 7.87 -0.558 1.13 199.7 0.4670 0.0156 
Perylene 252 6.98 - 1.088 1.15 213.0 0.5685 0.0246 
“These experimental values are from refs 8, 40. 
bLIJMO = lowest unoccupied molecular orbital; from raf 41. 
‘In p units, where p is the resonance integral. 
“From ref 42. 
sFram ref 40 except far benz[alanthracene. the value for which was estimated by extrapolation of the proton affinities of the 
remaining three C ,,H ,z isomers. 
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Figure 2. The FAB mass spectra of pyrene in (a) sulfolane and 
in (b) glycerol. The matrix ions are labeled as S and G, respec- 
tively. 
probe tip. The magnet was scanned over a narrow 
mass range (10 u wide) centered around the M+* ion 
of each one of the PAHs, and ten scans were accumu- 
lated and signal-averaged by using the MCA mode. 
The data reported in Table 3 are an average of at least 
five such measurements with a precision of < 27% 
(RSD). The precision of the data acquired on different 
days was within k 10% (RSD). 
Sulfolane and all of the PAHs studied here were 
purchased from Aldrich Chemical Co. (Milwaukee, 
WI), and were used without further purification. 
Results and Discussion 
Fast Atom Bombardment Mass Spectra 
The conventional magnet scan FAB mass spectrum of 
pyrene dissolved in suIfolane is shown in Figure 2a. 
As was demonstrated for anthracyclines [31], FAB of 
pyrene also produces a radical cation at m/z 202. The 
(M + H) + ion of ca. 45% abundance relative to the 
MC- ion is also formed. This observation suggests 
that one-electron oxidation of pyrene is a facile pro- 
cess under these experimental conditions. All other 
ions present in Figure 2a are attributable to sulfolane. 
The absence of fragments related to pyrene in the 
FAB mass spectrum is not surprising. The conjugated 
T-electrons network imparts high thermodynamic sta- 
bility to pyrene. Consequently, pyrene and other 
PAHs can accommodate a large amount of excess 
energy before undergoing any bond fragmentation 
PA. 
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The FAB mass spectrum of pyrene obtained using 
glycerol as the matrix is depicted in Figure 2b. This 
spectrum demonstrates that by using polar matrices 
no meaningful FAB data are obtained for nonpolar 
compounds. When the molecukr ion region was mul- 
tiplied by a factor of 400, a very small ion-signal due 
to the (M + H)+ ion was found at m/z 203 (see inset). 
A similar situation exists when nitrobenzyl alcohol 
and thioglycerol are used as matrices for the FAB/MS 
analysis of pyrene. 
The FAB mass spectra acquired in sulfolane of all 
other PAHs of Figure 1 (except for pentacene) are 
similar to pyrene in that all compounds form M+. and 
(M + H)+ ions of varying abundance, and no evi- 
dence of fragmentation. The proclivity of different 
PAHs to FAB ionization was determined in terms of 
the abundance ratio [M+- ]/[ m/z 2411, where the m/z 
241 is the protonated sulfolane dimer. For these ex- 
periments, 1 PL sulfolane containing 75 nmol of a 
PAH was deposited onto the FAB probe tip. The 
following values of the [M+. ]/[ m/z 2411 (reported in 
parentheses) were obtained for some of the PAHs; 
anthracene (0.215), phenanthrene (0.221), pyrene 
(1.204), fluoranthene (0.213), benz[ alanthracene 
(0.231), chrysene (0.152), triphenylene (0.515), and 
perylene (0.081). Fluorene and tetracene did not pro- 
duce meaningful data at this low concentration. A 
change in the [M+a ]/[m/z 2411 with concentration 
was also studied using pyrene as an example (see 
Table 1). The variation of the [M+. ]/[m/z 2411 with 
the time of irradiation is reported in Table 2, which 
also includes the corresponding data for the [(M + 
H)+]/[M* 1. To obtain these data, 2 PL sulfolane 
containing 75 nmol pyrene was applied to the FAB 
probe, The steep increase in the [M+- ]/[m/z 2411 is a 
consequence of the high evaporation rate of sulfolane. 
One of the limitations of the present method is the 
solubility of a PAH in sulfolane. In general, it was 
observed visually on the probe tip that linear PAHs 
are less solubIe in sulfolane than the corresponding 
nonlinear isomers. Also, the solubility was found to 
decrease with increasing M,. For example, anthracene 
displays a good ion signal. In contrast, tetracene ex- 
hibits a poor FAB response, and pentacene, which 
appears to be insoluble in sulfolane, is not amenable 
to FAB ionization. 
To study the behavior of these PAHs under nega- 
tive-ion FAB, the spectrum of pyrene was acquired. 
Pyrene, however, was found to be unresponsive to 
this mode of ionization. Lloyd and Cotter [39], while 
working with quinones, reported that only those 
quinones that have electron affinities > 1.1 eV pro- 
duce a negative ion FAB signal in sulfolane. In that 
study, it was rationalized that negative ions are formed 
as a result of charge transfer from SO;‘, the electron 
affinity of which is 1.1 eV. The electron affinities of 
PAHs are below 0.8 eV 191. Therefore, the response of 
PAHs to negative ion FAB noted here is consistent 
with the observation of Lloyd and Cotter [39]. 
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Isomer Diferentiation 
In searching for a method to distinguish isomeric 
PAHs, the [(M + H)+]/[M+. ] ratio was determined. 
The rationale for choosing this property is that proton 
affinity and IE are functions of the structure of a 
molecule. Protonation of aromatic compounds is less 
favorable compared to one-electron oxidation because 
the a-electrons involved in u-bond formation with an 
electrophile (here H+) are removed out of conjugation 
with the remaining r-electrons. Increasing the size of 
r-conjugated system permits an increase in delocal- 
ization of the charge in both radical and protonated 
ions. Consequently, IE decreases and proton affinity 
(PA) increases with the size of a PAH (see Table 3). 
Ionizing energy, however, decreases faster because of 
additional delocalization of spin density in the radical 
cation 1401. Thus, it is expected that the [(M + 
H)+ ]/[M+* ] is a structure-specific property. 
The data concerning the {(M + H)+]/[M+. ] were 
obtained in a more precise fashion by scanning the 
magnet over a narrow mass range (10 u wide) encom- 
passing the MC. ion region of the PAHs listed in 
Figure 1. The observed [(M + H)+]/[M+. 1, along with 
the standard deviation of five replicate measure- 
ments, are reported in Table 3, which also lists other 
properties of PAHs, including M,, IE [7, 401, lowest 
unoccupied molecular orbital energies [41], resonance 
energies (RE) [42], and PA [40]. The [(M -F H)+]/ 
[MC* ] were obtained with saturated solutions of 
PAHs. It was important to use high concentrations 
because for some PAHs (e.g., fluorene, anthracene, 
chrysene, and tetracene) the matrix background con- 
tributed to the M+. and (M + H)+ ions abundances at 
lower concentrations. However, it was observed for 
pyrene that the [(M + H)+]/[M+. ] remains constant 
within the experimental error with concentration (see 
Table 1). The [(M + H)+]/[M* ] for pyrene was also 
found to be constant within the time of irradiation 
(Table 2). 
The data presented in Table 3 demonstrate that the 
[(M + H)+]/[M+* ] is diagnostic of the structures of 
certain PAHs. For example, phenanthrene and an- 
thracene are distinguishable readily on the basis of 
different values of the [(M + H)+]/[M+. 1. These ra- 
tios for the pyrene-fluoranthene isomeric pair are very 
close to each other, yet are characteristic of the isomer 
in question. The four isomers of C,,H,, composition 
(M, = 228 u), benz[ alanthracene, tetracene, chrysene, 
and triphenylene, alI exhibit different values of the 
[(M + H)‘]/[M* 1. The difference in the values of 
this ratio, however, is small for benz[ alanthracene 
and chrysene, and must be used with caution to 
differentiate these two isomers. 
It is of interest to search for a structural feature that 
can be correlated with the observed [(M + H)+]/ 
[MC* 1. Several researchers in the past looked for 
similar correlations. Shushan and co-workers [20, 211 
found correlation between the metastable ion intensi- 
Peri-eondmed PAHs 
(6.7.2.11,12.11) 
Isomers of Mr 228 
(10.9.11,12) 
0.5 0.6 0.7 0.8 0.0 1.0 1.1 1.2 
Resonance Energy 
Figure 3. The relation between the [M + H]+/[M+. ] ratio and 
the resonance energy (in P units). The linear coefficients for the 
straight lines connecting the linear isomers, the p&condensed 
isomers, and the isomers of M, = 228 are 0.992, 0.563, and 
0.895, respectively. 
ties ratios M+*/(M - H)+ and (M - H)+/(M - XI)+* 
with number of hydrogens per molecule capable of 
benzointeractions and with RE. Proton affmities were 
shown to correlate with the structure of PAHs [40]. 
Pericondensed and linear PAHs fall on different corre- 
lation lines. Gallegos [5] found that the IE of PAHs 
decreases with an increasing number of T-electrons in 
the molecule, if comparison is made for molecules 
belonging to the same symmetry group. A similar 
correlation was obtained by Natalis and Franklii [6] 
between appearance energy of certain fragments and 
the RE of the parent PAH. A CI mass spectrometry 
study also found a good correlation between the [(M 
+ H)+]/[M’. ] and IE of several PAHs [7]. 
As mentioned above, protonation localizes the 7~ 
electrons involved in u-bond formation with H+. This 
process affects the aromaticity of the resulting ion. 
Furthermore, a large network of conjugated r-elec- 
trons will facilitate delocaliation of the charge in both 
the radical cation and the protonated molecule. Thus, 
localization energy, RE, proton affmity, and IE are 
some of the properties that might correlate with the 
observed [(M + H)+]/[M+* ] of a PAH. Indeed, the 
plots of the [(M + H)‘]/[M’* ] versus RE (Figure 3) 
and PA (Figure 4) demonstrate clearly that the linear 
scenes and pericondensed PAHs follow distinct corre- 
Iation curves. The [(M + H)+]/[M+. ] increases with 
increasing RE (Figure 3). Likewise, the [(M + 
H) +] /[ M ‘. ] also increases with increasing PA of these 
PAHs (Figure 4). These trends are consistent with the 
expected relations of RE and proton affinity with the 
size of PAHs. The correlation of the [(M + H)+]/[M+ ] 
with proton affinity, however, produces more scatter 
than the correspotiding correlation with RE. In fact, 
no clear correlation is seen between the [(M + 
H)+]/[M+. ] and the proton affinities for pericon- 
densed PAHs. It is also observed that the [(M + 
H)‘]/[M+* ] is smaller for a nonlinear PAH compared 
to its linear isomer. Anthracene-phenanthrene and 
benz[ alanthracene-tetracene are examples of this 
observation. 
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0.8 
LinearPAt+ (2.5.10) 
10 
/ 
Isomers of Mr228 
(12,11,9,10) 
200 210 
Proton Aflinity 
Figure 4. The relation between the [M + H]+/[M* ] ratio and 
the proton affinity (kcal molt I). The curve joining the pericon- 
densed PAHs (6, 7, 8, 9, 11, 12. and 14) is not plotted because of 
a large scatter of the data. The linear coefficients for the straight 
lines connecting the linear isomers and the isomers of MI = 228 
are 0.965 and 0.789, respectively. 
Correlation of the [(M + H)+]/[M+. ] with RE and 
PA was also tested for C,,H= (h4 r = 228) isomers. 
The corresponding plots are also included in Figures 3 
and 4, respectively. The PA and RE both decrease 
with an increasing number of benzointeractions. The 
[(M + H)+]/[M+* ] follows to a large extent the ex- 
pected correlation with these two properties. 
The [(M + H)+]/[M+. ] was also found to correlate 
with IE for linear scenes and isomeric PAHs of C ,H 12 
composition (not shown). Similar to the correspond- 
ing correlation with proton affinities, the data for 
pericondensed PAHs leads to a scatter plot. 
B/E Linked-field Collision-activated Dissociation 
spectra 
As mentioned above, the thermodynamic stability of 
PAHs, coupled with the small amount of excess en- 
ergy deposited by FAB ionization, did not produce 
fragment ions in the conventional FAB mass spec- 
trum. However, collisional activation of a mass- 
selected ion in the FFRs of multisector instruments is 
known to increase fragmentation [19]. The average 
energy deposition in collisional activation of high-en- 
ergy ions is of the order of ca. l-3 eV with tail of the 
energy function extending beyond 15 eV [43]. In gen- 
eral, the CAD technique samples nondecomposing 
ions. Coupled with the fact that FAB-desorbed ions 
are formed with low internal energies, it is realized 
that FAB, in combination with collisional-activation 
mode of ion activation, may produce a structurally 
diagnostic mass spectrum for PAHs. 
With this objective in mind, the B/E linked-field 
CAD MS/MS spectra of the M+* ions of the pyrene- 
fluoranthene isomeric pair was acquired. A typical 
example of these spectra for each of the two isomers 
is shown in Figure 5. In this mode of a linked-field 
scan, B and E are both scanned in such a way that the 
ratio B/E is maintained constant. The preselected pre- 
cursor ion is allowed to fragment in the first FFR of a 
forward-geometry (EB) instrument either unimolecu- 
larly (metastable ion spectrum) or by collisions with a 
neutral target (CAD spectrum). In this way, a spec- 
trum of the product ions formed exclusively from that 
mass-selected precursor is obtained [22]. Mass selec- 
tion of a precursor ion, however, is poor in the B/E 
linked-field technique using an EB instrument. For 
example, the ions of m/z 203 and m/z 204 in Figure 5 
are a consequence of a poor precursor-ion resolution. 
Thus, a B/E spectrum is susceptible to contributions 
from neighboring ions due to the analyte (e.g., m/z 
203 and m/z 204 in the present case) and the FAB 
matrix. One advantage of the B/E linked-field tech- 
nique over the mass-analyzed ion kinetic energy 
(MIKE) mode of MS/MS [44] is increased mass resolu- 
tion of the daughter ions. 
The B/E-CAD spectra of the pyrene-fluoranthene 
isomeric pair are characterized by the presence of 
several diagnostic ions. The prominent fragments, 
apart from the losses of H radicals, are formed by the 
expulsion of CH,, C,H,, CzH,, and C,H, neutral 
moieties. The ions of m/z 126, m/z 138, m/z 150, m/z 
162, and m/z 174 are part of a series of fragment ions 
that are formed by the loss of C,H, neutral species. 
This series is also associated with another series con- 
sisting of ions 1 u higher. At the lower mass end of 
the spectrum a number of ions belong to the C,H;. 
(e.g., m/z 38, m/z 50, m/z 62, m/z 74, m/z 86, etc.) 
and C,Hl-type (e.g., mjz 51, m/z 63, m/z 75, m/z 
87, etc.) H-deficient ions, which are formed by the 
expulsion of C,H, and C,H, species, respectively. A 
similar trend of fragment ions is observed in the 
B/E-CAD spectrum of phenanthrene (see Figure 6). 
These general patterns of the B/E-CAD spectra are 
consistent with those observed by the MIKE-CAD 
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Figure 5. The B/E linked-field CAD mass spectra of (a) pyrene 
and (b) fluoranthene. These two spectra are normalized with 
respect to m/z 187 and m/z 174, respectively. 
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Figure 6. The B/E linked-held CAD mass spectrum of phenan- 
threne 
experiments reported earlier [23]. In that study, it was 
proposed that the low-mass fragments must arise 
from a common intermediate having a linear structure 
with cumulated double bonds, and the precursor ions 
responsible for high-mass fragments may retain struc- 
tural identity to a certain extent. Thus, it is expected 
that significant differences may exist in the relative 
abundances of the ions in the high-mass region of the 
spectra. The data obtained here for pyrene and fluo- 
ranthene support this expectation. For example, m/z 
187 (i.e., the loss of CH,) forms the base peak in the 
B/E-CAD spectrum of pyrene, whereas the loss of 
C,H, to yield m/z 174 is the most prominent frag- 
mentation of the M+- ion of fluoranthene. The rela- 
tive abundances of m/z X76, m jz 163, m/z 150, m/z 99, 
and m/z 74 also differ slightly in the two B/E-CAD 
spectra. The artifact peaks, possibly from the m/z 225 
of the matrix, contribute significantly to the spectra of 
M+* ions (m/z 228) of C,,H,, isomers and, therefore, 
generality of the present technique to characterize 
isomeric hydrocarbons could not be tested. The dis- 
tinction of the pyrene-fluoranthene pair by FAB-B/E- 
CAD may be regarded at best an exception until 
additional data are obtained by combined FAB and 
MIKE-CAD technique for several isomeric PAHs. The 
MIKE mode of MS/MS would eliminate these inter- 
fering peaks. Sulfolane also contributes artifact peaks 
to the B/E-CAD spectra of pyrene/fluoranthene and 
phenanthrene. The ions of m/z 55, m/z 69, m/z 121, 
m/z 137, and m/z 149 and m/z 55, m/z 69, m/z 111, 
m/z 121, m/z 123, and m/z 159 in Figures 5 and 6, 
respectively, are recognized as contributions from the 
matrix. 
Conclusions 
This study has demonstrated that FAB/MS, which is 
a proven analytical technique largely for polar 
molecules, can also be employed successfully to char- 
acterize less polar aromatic hydrocarbons. In order to 
obtain a good quality FAB mass spectrum, the analyte 
must be soluble in an appropriate matrix. Sulfolane 
was found to be a suitable FAB matrix for PAHs. The 
PAHs yield both M+. and (M + H)+- ions. The slope 
of the curve between the [(M + H)+]/[M+- ] and the 
resonance energies of PAHs was found to be struc- 
ture-specihc. The FAB-desorbed ions are conveniently 
utilized in obtaining MS/MS spectra of PAHs. 
Low vapor pressure of analytes is not a limitation 
in FAB/MS analysis. Therefore, the method reported 
here could be applied to high-mass PAHs, provided 
they are soluble in sulfolane. Analytical applications 
of FAB using sulfolane as a liquid matrix for other 
nonpolar compounds are also foreseen. The formation 
of odd-electron ions in sulfolane by FAB is quite 
significant. These FAB-formed ions may not have 
enough energy to isomerize. Fast atom bombardment, 
combined with CAD, thus holds potential for distin- 
guishing isomeric compounds. Simultaneous genera- 
tion of M+* and (M + H) + ions will be an added 
advantage in obtaining their MS/MS spectra. 
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